Abstract
Introduction

1.
Samples of glazed ceramic vessels are among the number of expressive findings of the archaeological monuments possessing significant information. Glazed ceramics with different structures was found in the beddings of the Kazan Khanate dated back to the 14 th -16 th centuries as a result of archeologists' researches on the territory of Kazan Kremlin in the 1990s (Khalikov, 1989) . More than a half of the items are imported ceramics; another part consists of fragments of glazed ware of two types: red ware with blue glaze and white and red ware with green and brown glaze. A preliminary research of three ceramic fragments was conducted for identification of the most appropriate analytical method (Sitdikov & Khramchenkova, 2015) . According to these researches, the emission spectrum analysis that allows defining the main, minor and trace elements as well appeared to be the most informative method.
Studying of the glazed ceramics can give invaluable information about the time and a place of vessels production. It allows setting the directions of trade relations, to establish a level of development of technologies and to define the features of vocational schools. However, more reliable information about vocational schools can be received after conducting a study of the glaze chemical composition. Determination of glaze composition allows us to set both the features of compound and raw materials. Currently, there are a lot of data on element structure of glazed ceramics of different origin (Forster et. al., 2001; Bulgakov, 2005; Koval, 2009) . The knowledge of compounding allows looking for the analogues coming from craft provinces of different regions in Europe and Asia. In this regard, the objective of this work was to study the chemical composition of ceramics from the excavations of Kazan Kremlin.
The study of the glaze composition of 33 samples from the excavations of Kazan Kremlin, 9 archaeological samples from the Crimea and 2 samples from Bulgarians is carried out in the presented work. Almost all the fragments are covered with glaze which foundation acts as lead. The content of lead is about 25-66%. In order to identify analogies the authors carried out the comparative analysis. It showed that the similar chemical composition on macro-and trace elements is typical for glaze of archaeological fragments found in the large centers of production of glazed pottery in Turkey and the Crimea. These trade shops existed in earlier time: in the 12 th -13 th centuries in the Turkish settlement Kadikalesi in Turkey and in the settlements of the Crimean peninsula of the 13 th -14 th centuries.
Materials and Methods
2.
The mapping of finds through Kazan Kremlin territory allows revealing places of concentration of similar glazed ceramics. 52 samples from the total number come from excavations at the Khansky Yard. Their concentration in this area means that exactly representatives of Khansky' administration was the main consumers of ceramics studied in work.
48 fragments of the total number are connected with the period of the Kazan Khanate. There are 5 fragments from the late period of the Golden Horde. The rest of finds has no stratigraphic referencing or is derived. The ratio of products from the processed beddings most likely assumes their penetration from layers of the Khanate period. Samples of fragments of the studied ceramics are shown in Fig. 1 . The detailed morphological description of the studied samples is given in the work (Sitdikov and Khramchenkova, 2015) . Researches showed that 63% of ceramics is made of white ware with green glaze, 16 % of red ware with green glaze, and 14% of red ware with blue glaze, 7% of white and red ware with brown glaze. According to comparison with the analytical data of X-ray fluorescence analysis emission spectroscopy was the most informative analysis (Sitdikov and Khramchenkova, 2015) . This method allows defining simultaneously about 40 elements, as well as major, minor and trace elements. It was necessary to separate 50 mg of the glaze from ceramics for the emission spectrum analysis. This factor is the most negative because it leads to destruction of integrity of a sample. However, taking into account the low cost of the analysis, also from the standpoint of reliability, sensitivity and informative value, this method is rather attractive for the study of archaeological artifacts in that case when inconsiderable selection of a sample is allowed. Accordingly, samples were studied in this research by the method of the emission spectrum analysis for detection of glaze composition features of different groups of ceramic.
Entity of technique. The sample of 25 mg is burned from the carbon electrode crater in an alternating current arc to evaporate. Exposition time for easily volatile elements is about 30 seconds at a current of 8A then the part of a diaphragm is blocked and a sample is burned up at a current of 18A. The spectrum obtained with a diffraction spectrograph DFS-458 is recorded on a photo plate PFS-03. A working reticle of the spectrograph No. 3 is 1800 pieces in a mm with the resolution 0,6nm. Photo plates are shown and fixed in standard solutions. The received spectrograms are recorded by the MF-2 spectrophotometer. The studied samples are analyzed by the method of 3 standards. Calculation of concentrations is made by standard computer program. The average of the two determinations is the result of the analysis.
It should be noted that the study did not test the chemical composition of ceramics. It is rather capacity material, the study of which is expected in the future.
Results and Discussion
3.
The results of analytical researches are given in Table 1 . Samples of the Kazan ceramics have codes K. These tables show that the pottery was covered (or glazed) by the so-called lead glaze with the content of lead between 25% and 66%. There is a low content of tin practically for all samples. Most samples have the low content of calcium and magnesium -<1%. It means that sand with a minimum calcium component was used for the production of glaze. The aluminium content is rather high and equals 3,95% -8,54%. It indicates that kaolin, clay or feldspar also were the part of glaze.
The color of glaze is received by traditional methods. The blue color is determined by the addition of 1-3% copper, green color is caused by the presence of 0,26-2% u 2+ (Wedepohl et. al., 1995) , brown glaze has a high content of iron > 3%.
According to the analysis, the studied glaze can be divided into 8 conditional groups. Each group is characterized by a high content of certain trace elements.
1. high content of nickel (> 300 ppm) and vanadium (> 100ppm) 2. high content of vanadium (> 100ppm) 3. high content of antimony (> 100ppm) 4. high content of vanadium (> 100ppm). 5. high content of antimony and nickel (> 100ppm). 6. high content nickel (> 100 ppm) and low antimony . 7. high content of nickel (> 100 ppm) and bismuth (> 10ppm) 8. high content antimony (> 100 ppm) and bismuth (> 10ppm).
As it was noted above, the authors also conducted research of 9 fragments of the Crimean glazed ceramics. As known there were large centers for production of glazed ceramics in the Crimea in the 13 th -14 th centuries. This ceramics was not chosen accidentally as a sample. The color palette of samples of the Crimean peninsula is very close to the Kazan samples of green, brown and yellow. In addition, samples of the Crimean ceramics are found in a large numbers at the excavations of the Bolgar ancient settlement (Tatarstan) in layers of the 13 th -14 th centuries. Analytical results for the Crimean samples are given in Table 1 . Researches showed that the Crimean glaze contains lead as a composition component, as well as the Kazan ceramic glaze. Analogues of the Crimean ceramics by a chemical composition are available for each of the above-mentioned groups. Thus, identity of structures is observed both for macro -and trace elements. The only difference can be noted for calcium and boron. The content of these elements is higher for the Crimean ceramic than in the Kazan fragments. It demonstrates the sources variety of raw materials of "non lead" components of glaze. The high content of boron in the Crimean ceramics can be explained by the presence of this element in the Crimean sand or clay.
In 2013, the authors had an opportunity to explore the work of sepai from the State Bolgar memorial estate. These attributes of production of glazed ceramics were used as supports during roasting glazed ware, and they are dating by the first half of the 14 th century. There were glassy sags on the artifacts. Chemical composition of the glassy material has also been studied and given in the lower part of the Tables 1 and 2 . There are also shown the results of the component composition of turquoise glaze of sphere bell (it is thick-walled vessel which has the height of 10-15 centimeter) from the Bolgar ancient city excavation. Lead content in it is similar to the Crimean glaze (43%), however, the tin content is about 3%, and natrium content is about 6%. It indicates that the glaze was prepared according to a recipe that differs from the Crimean by adding soda or ash.
Studying of the obtained analytical data showed that the manufacturing technology of a glazed layer on ceramic vessels from excavations of Kazan Kremlin is similar to the Crimean technology. A very thin layer of white engobe was done before putting glaze on pottery. The composition of engobe from a sample of Kazan Kremlin (#1) and the Crimean glaze (# 2) is given in Tables 1 and 2 . White clay with the low content of calcium was used as engobe for Kazan ceramics. White clay was also used for the Crimean ceramics but with a mixture of calcium. Table 1 . Chemical composition of glaze samples of Kazan Kremlin, the Crimea and Bolgar (major and minor elements, %). Table 2 . The chemical composition of glaze samples of Kazan Kremlin, the Crimea and Bolgar (trace elements, ppm). Antimony (one tenth of a percent) and tin (one hundredth of a percent) are the impurities to the lead component in glaze samples of different territorial localization. It may be noted that a similar structure is shown by V.V. Bulgakov for glazed ceramics from Sudak (Bulgakov, 2005) .
The comparative analysis of the obtained results and of chemical composition of glazed ceramic ware from the large production center of Kadikalesi was carried out for the purpose of identification of origin of technological school. This vocational school has existed in Turkey in the late 17 th -early 18 th centuries (Bizantibe, 2013) . Turkish researchers relate this production with the traditions of the Byzantium and attribute this type of pottery to the zeuxippus (tseiksipus) type. The study showed that ceramics glaze of Kazan Kremlin is similar to the glaze from Kadikalesi.
According to analytical data, "lead" recipe with a lead content of 40-60% was used in production of Turkish, Crimean and Bolgar glaze and it is corresponding to the samples from Kazan Kremlin. Table 3 shows the content of the main elements in the artifacts glaze from Kadikalesi, also there are results of analysis of the Crimean Funy ceramics and glassy sags from Bolgar ancient settlement sepai for comparison. Copper content exceeds 1% in Bolgar glaze, as in so many of Kazan samples, i.e. this component acts as a dye. It may be noted that the same dye was also used by the Turkish and Crimean medieval ceramists (Table 3) . Figure 2 shows charts of a lead oxides ratio, aluminum, nickel and antimony. Unfortunately, the Turkish samples were analyzed by X-ray fluorescence method that does not give information about impurities, so we had no opportunity to carry out the comparative analysis on all elements. However, the fact of analogy of ceramics glaze composition of Kazan Kremlin, Kadikalesi, the Crimea and Bolgar is obvious. The tradition of glazed pottery accounts for several millennia (Gulmini et. al., 2013) . The first lead glaze (45-60%) appeared in Europe at the beginning of the first millennium (De Benedetto et. Al., 2004) . Researches (Gulmini et. Al., 2013; Maltoni et. Al., 2012) show that in the 10 th -12 th centuries glazed ceramics with lead glaze were produced in various regions of the Mediterranean and Europe, in the Middle East (Afghanistan). Samples from Kazan belong to this type of ceramics.
The conducted researches showed that the ceramics glaze compounding from excavations of the Kazan Kremlin is identical to Turkish and Crimean compounding. The glaze was prepared from lead and sand-clay mixtures in various ratios from 2: 1 to 1: 3. According to the analytical data (Gulmini et. al., 2013) glaze of Afghan samples has low content of aluminum. The concentration of this element in Italian samples is 4-7% (Maltoni et. al., 2012) which is similar to Kazan, Turkish, Crimean and Bolgar samples.
According to the researches, the most informative method is the emission spectrum analysis which allows determining both main and minor and trace elements (Sitdikov and Khramchenkova, 2015) . The comparison of glaze composition gives interesting analytical data that allows finding sources of raw materials production (Khramchenkova, 2014) . Specific groups of antimony, bismuth and nickel in the studied samples are likely determined by the raw source of lead. Based on this, it is possible to assume that the raw sources of lead for the glaze production in Kazan Kremlin and the Crimean peninsula were the same. This assumption can be also carried to the Bolgar samples.
Given the time of samples production, it is possible to notice the following stages. The center of production of glazed ceramics in Turkey is dated by the 12-13 centuries.
Glazed pottery was produced in the Crimea actively in the 13 th -14 th centuries. For some reason these complexes of commercial production of glazed pottery ceased to exist. Kazan ceramics is dated by the 13 th -14 th centuries. Thus, possible "migration" of technology of ceramic ware glazing from Turkey to the Crimea, and then in some other centers is observed. Perhaps, this center became the supplier of ceramic ware for the Kazan Khanate. The question of determining the location of this industrial complex is the task of further researches.
